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DUPLICATE 



DOWNHOLE FILTER 

FIELD OF THE INVENTION 

The present' invention relates to downhole filters, 
methods of filtering production fluid downhole, and methods 
of producing downhole filters. Embodiments of the 

invention relate to downhole filters, such as sandscreens, 
for use in preventing sand or other particulates entrained 
in production fluid from passing from a producing formation 
into a wellbore. 

BACKGROUND OF THE INVENTION 

It is generally desirable' that fluids extracted from 
downhole formations, such as oil and gas produced from 
hydrocarbon-bearing formations, are substantially free from 
particulates, or sand. The presence of sand in the 
production fluid can lead to blockages, premature wear and 
damage to valves, pumps and the like. Produced sand which 
has been separated from the produced fluid at surface 
requires storage and disposal, which can be difficult and 
expensive, particularly in offshore operations. 
Furthermore, unchecked production of sand from a formation 
can result in substantial damage to the formation itself. 

Perhaps the most common means for restricting sand 
production involves the provision of a mechanical sand 



control device, installed downhole, that causes the sand to 
bridge or filters the produced liquids or gases. These 
devices come in many forms, including slotted liners and 
wire-wrapped screens. The simplest slotted liner is made 
of oilfield pipe that has been longitudinally slotted with 
a precision saw or mill. Such liner is relatively 
inexpensive, and is accordingly preferred for wells having 
long completion intervals, but does not have high-inlet- 
flow areas, and may therefore be unsuitable for high-rate 
wells. Wire-wrapped screens consist of keystone-shaped 
corrosion-resistant wire wrapped around a drilled or 
slotted mandrel, the wire being, spaced from the mandrel by 
longitudinal ribs to allow for maximum flow through the 
screen. 

Other sand control devices comprise a filter sheet 
sandwiched between a perforated base pipe and a perforated 
outer shroud. By providing the filter sheet in the form of 
a plurality of overlapping leaves, and providing a 
diametrically expandable base pipe and outer shroud, it is 
possible to provide an expandable sand control device, such 
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this particular arrangement, overlapping leaves of non- 
expanding apertured metal filter sheet are sandwiched 
between a slotted expandable base pipe and a slotted 
expandable protective shroud. Each leaf is attached to. the 
base pipe along an axially extending weld, and the free" 



edges of the leaves then overlapped to provide an iris-like 
arrangement. On expansion of the filter, the leaves of 
filter sheet slide over one another, the circumferential 
extent of each leaf being selected such that a degree of 
overlap, remains in the expanded configuration, such that 
there is a continuous wrapping of filter sheet. 

While such expandable filter arrangements have been 
used successfully on many occasions, manufacture of the 
arrangements is relatively difficult and expensive, and the 
location and relative movement of the filter sheets during 
the expansion process introduces a risk of the filter 
sheets tearing. 

Embodiments of the various aspects of the present 
invention provide alternative sand control devices. 

SUMMARY OF THE INVENTION 

According to the present invention there is provided 
a downhole filter comprising a tubular member having a wall 
defining a plurality of openings, at least a portion of one 
or more openings having an outer width less than an inner 
width* 

Thus, the parts of the openings defining the smaller 
width are defined by radially outer parts of the openings, 
such that particulates or sand prevented from passing 
through the openings will .tend to be ' retained to the 
outside of the tubular member. 



Preferably, said outer width defines the minimum width 
of the openings. 

Preferably, said portions of one or more openings 
defining said outer width are located on or adjacent an 
outer circumference of the tubular member. • 

Conveniently, the openings have a keystone form, that 
is the openings are of generally trapezoidal section, or 
wedge-shaped section. However, the openings may take any 
appropriate form, including a nozzle-like form having 
convex side walls or other forms having rectilinear or non- 
rectilinear side walls. 

Keystone-form openings may be created by laser- 
cutting, abrasive water jet cutting, or indeed by any 
conventional cutting or milling techniques. 

The form of openings present in the walls of tubular 
members in accordance with these embodiments of the present 
invention is of course unlike the form of openings that 
would be achieved if a normally apertured planar sheet, in 
which openings have parallel walls, is rolled into a 
tubular form, which tends to create openings in which the 
inner width of the openings is less than the outer width . 
Furthermore, conventional slotted liner, made of oilfield 
pipe that has been longitudinally slotted with a precision 
saw or mill, will feature parallel side walls and will tend 
to have an outer length greater than an inner length. Thus 
this aspect of the invention provides the preferred form of 



openings for sand exclusion such as is achieved in wire- 
wrapped screens, but without the complexity and expense 
associated with wire-wrapped screens, and in a relatively 
robust form. 

The openings may be of any desired configuration or 
orientation, or combination of configurations or 
orientations, including longitudinally extending openings 
or slots, circumf erentially extending openings or slots, 
helically extending openings or slots, or serpentine 
openings or slots which may have a wave or step-form. 

Preferably, the tubular member is self-supporting such 
that the member may be handled, and preferably also run 
into and installed in a bore, without requiring the 
provision of an additional support member or members. Most 
preferably, the tubular member incorporates end couplings, 
to allow the tubular member to be incorporated in a string 
of tubulars. The tubular member may feature threaded end 
portions, such as pin and box connections, or may have ends 
adapted to co-operate with coupling sleeves. The number 
and form of the opening may be determined with a view to 
providing the tubular member with a desired strength, and 
crush resistance, and as such will depend upon, for 
example, the wall thickness of the tubular member, the 
diameter of the member, the material from which the member 
is formed, and whether the member has been or will be heat- 
treated, cold worked, or its material properties otherwise 



altered or modified. 

In other embodiments, the tubular member may be 
provided in combination with one or more other tubular 
members located internally or externally thereof, which 
other tubular members may serve a support or protection 
function, or may provide a filtering function. One 
embodiment of the invention includes an inner support pipe, 
within the tubular member, but is absent any external 
protective shroud. 

In certain embodiments the tubular member may be 
diametrically expandable. Such expansion may be 

accommodated in a number of ways, for example the wall of 
the member may extend or otherwise deform, which may 
involve a change in the form of the openings. In one 
embodiment, the wall of the tubular member may incorporate 
extendible portions, such as described in our GB0209472.0. 
However, a preferred extensible tubular member features 
substantially ' circular openings which, following diametric 
expansion, assume a circumf erentially-extending slot-form 
of smaller width than the original . openings . Preferably, 
the original openings are laser - cut 

According to another aspect of the present invention 
there is provided a wellbore^ filter comprising a tubular 
member having a plurality of openings therethrough, the 
openings having a serpentine configuration. 

Aspects of the present invention also relate to 



methods of filtering wellbore fluids, one method 
comprising : 

placing a downhole filter within a wellbore, with the 
downhole filter comprising a tubular member having a wall 
defining a plurality of openings, at least a portion of one 
or more openings having an outer width less than an inner 
width, with the outer width sized to filter wellbore 
particulate matter; and 

passing wellbore fluids into an interior passage of 
the tubular member through the openings. 

According to a yet further aspect of the present 
invention there is provided a downhole filter arrangement 
comprising a metal tubular member defining a plurality of 
laser-cut perforations. 

Existing tubular members are slotted to create filters 
using a precision saw or mill. The use of a precision 
cutting tool is necessary to provide the accurately 
controlled slot width required to provide an effective 
filter with predictable sand control properties. However, 
the applicant has now achieved the previously unattainable 
accuracy required of filter slots or openings by laser- 
cutting. Conventionally, a slot cut by laser has a larger 
width at the slot ends, where cutting commenced and 
stopped, producing "dog-bone" slots, which are of little if 
any utility in filter applications, A conventional laser 
cutting operation utilises a substantially constant laser 



8 

energy input, and when cutting commences the laser is held 
stationary relative to the workpiece until the laser has 
cut through the depth of the metal, before moving along the 
workpiece to cut the slot, and then coming to a stop at the 
end of the slot. Applicant believes that, without wishing 
to be bound by theory, . where the ■ laser is held stationary 
relative to the workpiece, energy transfer to the workpiece 
from the laser creates a pool of molten metal surrounding 
the area of metal which is removed by vaporisation, and 
this pool of molten metal is removed from the workpiece 
with the vaporised metal. This has the effect that the 
width of cut is increased relative to areas where the laser 
is moving relative to the workpiece, and where less metal 
is removed by this mechanism. The applicant has found that 
it is possible to avoid this problem by controlling the 
laser energy during the cutting process, and more 
particularly by reducing the laser energy when the laser is 
stationary relative to the workpiece. By doing so it has 
been possible to cut slots of consistent width, suitable 
for use in filtering applications. Other techniques may be 
utilised to- control slot width, including reducing the flow 
rate of purging gas, and thus reducing the rate of removal 
of molten metal. Alternatively, or additionally, a pulsed 
laser may be used, which laser produces discrete energy 
pulses such that, in use, a laser spot is not focussed on 
the workpiece for a time which is sufficient to allow 



thermal energy to be conducted into the metal surrounding 
the cutting zone. 

There are a number of advantages gained by utilising 
laser to cut the perforations. Firstly, the perforations 
may be of forms other than those achievable by means of a 
conventional rotating cutting tool, and in particular it is 
possible to cut narrow slots of a serpentine form. 
Secondly, laser cutting * tools may operate in conjunction 
with a gas purge, which carries away the vaporised and 
molten metal, and cools the surrounding material. An 
oxygen purge may be utilised to help the exothermic 
reaction at high temperatures, but for the present 
application an inert gas purge is preferred. However, in 
addition to merely cooling the metal, the gas purge jet has 
been found to produce a quenching effect at the edges of 
the cut, tending to increase the hardness of the metal 
surrounding the cut, particularly the outer edges of the 

perforations. Of course this is the area of the 

perforation which is likely to have to. withstand the 

greatest erosion. 

According to another aspect of the present invention 

there is provided a method of creating a downhole filter 

arrangement comprising laser-cutting a plurality of 

perforations in a metal filter member. 

According to a still further aspect of the present 

invention there is provided an expandable downhole filter 
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arrangement comprising an expandable base tube and a 
deformable metal filter sheet mounted around the base tube, 
the filter sheet defining a plurality of laser-cut 
perforations. 

Surprisingly, it has been found that relatively thin 
laser-perforated metal filter sheet may be deformed, and in 
particular extended, with minimal risk of tearing. It has 
been found that the perforations, which are typically 
originally substantially circular, tend to deform on 
diametric expansion of the filter sheet to assume the form 
of elongate slots of width less than the diameter of the 
original perforations. 

Laser-cut perforations tend to have a keystone or 
trapezoidal section, and the filter sheet is preferably 
arranged such that the smaller diameter end of each 
perforation in the filter sheet is adjacent the outer face 
of the sheet. 

It has been found that the laser-perforated sheet is 
sufficiently robust to obviate the requirement to provide J 
a protective shroud around the exterior of the sheet, thus 
simplifying the manufacture of the expandable filter 
arrangement . 

The laser-perforated sheet may be initially provided 
in planar form, and then wrapped or otherwise formed around 
the base tube. The edges of the sheet may be joined by any 
convenient method, such as a seam weld. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a schematic sectional view of part of a 
downhole filter in accordance with an embodiment of one 
aspect of the present invention, the filter shown located 
in a wellbore; 

Figure la is an enlarged schematic sectional view on 
line a-a of Figure 1 : 

Figure 2 shows part of a downhole filter in accordance 
with an embodiment of another aspect of the present 
invention; 

Figure 3 shows part of a downhole filter in accordance 

with an embodiment of a further aspect of the present 

inventions- 
Figure 4 is a schematic view of a step in the creation 

of a filter in accordance with an embodiment of a still 

further aspect of the present invention; 

Figure 5 is a schematic illustration of part of a 

filter in accordance with an embodiment of another aspect 

of the present invention; and 

Figure 6 is a view of part of a filter sheet of the 

filter of Figure 5, shown following diametric expansion of 

the filter.. 



12 



DETAILED DESCRIPTION OF THE DRAWINGS 

Reference is first made. to Figure 1 of the drawings, 
which is a schematic sectional view of a sand control 
device in the form of down-hole filter 10, in accordance 
with an embodiment of an aspect of the present invention. 
The filter 10 is shown located in a wellbore 12 which has 
been drilled from surface to intersect a sand-producing 
hydrocarbon-bearing formation 14. 

The filter 10 comprises a metal tubular in. which a 
large number of longitudinally-extending slots 16 have been 
cut. The slots 16 have a keystone or trapezoidal form, 
that is the width of the slots increases from the exterior 
of the tubular wall w G to the interior w ± . This feature is 
shown in Figure la, which is an enlarged sectional view of 
a slot 16 through line a-a " of Figure 1. As . shown, the 
inner slot width w ± is greater than the outer slot width w Q . 
The outer, minimum width w 0 is selected to be smaller than 
the diameter of the particulates it is desired to prevent 
from passing from the formation 14, through the tubular 
wall 18, and into the tubular bore 20 (those o^ cvin 
the art will of course realise that the dimensions of the 
slots 16, in this and other figures, have been 
exaggerated) . 

Reference is now made to Figures 2 and 3 of the 
drawings, which shows alternative, serpentine, slot forms, 



13 

in particular a chevron-form in Figure 2, and a sine wave- 
form in Figure 3. 

If desired, the tubulars may be reinforced by 
providing reinforcing ribs,, which may be integral with the 
5 tubing wall or welded or otherwise fixed thereto, allowing 

a greater density of slots, thus providing a high-inlet- 
flow area. The ribs may extend in any desired direction, 
' depending upon the nature of the reinforcement which is 
required or desired. In other embodiments, the wall of the 
10 tubular may be corrugated, to increase crush resistance, as 

described in 'applicant's GB0215659.4. 

Reference is now made to Figure 4 of the drawings, 
which is a schematic view of 'a step in the creation of a 
filter in accordance with an embodiment of a still further 
15 aspect of the present invention. In particular, the figure 

shows a laser-cutting operation, with a laser-cutting head 
40 producing an energy beam 42 which is utilised to cut a 
slot 44 in the wall 46 of a metal tubular 48. 

The head 40 and tubular 4 8 are mounted for relative 
20 movement to permit the desired slot forms to be cut, 

whether these are longitudinal slots, circumferential 
slots, or serpentine slots.. 

The energy input to the head 4 0 from the associated 
power source 50 is controlled by a computer-controlled unit 
25 4 9 such that, when the head 40 is producing an energy beam 

and is stationary relative to the tubular 48, the energy 
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input is reduced such that the resulting slot width is the 
same as that produced when the head 40 is cutting a slot 
while moving relative to the tubular 48. 

The laser-cutting head 40 is provided in conjunction 
with a purge gas outlet, from which a jet of inert gas 52 
is directed onto and around the cutting area. This gas 52 
protects the hot metal from oxidisation and also carries 
away the vaporised and molten metal produced by the cutting 
operation. The gas 52 also has the effect of rapidly 
cooling the hot metal in the vicinity of the cut. The 
resulting quenching effect has been found to harden the 
metal, and in particular has been found to harden the slot 
outer edges 54. 

Figure 5 is a part-sectional illustration of part of 
another form of laser-cut filter, and in particular shows 
part of an expandable downhole filter arrangement 7 0 
comprising an expandable slotted base tube 72 and a 
deformable metal filter sheet 74 mounted over and around 
the base tube 72, the filter sheet 74 defining a plurality 
of laser-cut perforations 76. The laser-perforated sheet 

1 A i c- i m' pi 1 w -o-roiTHH^rS in nl an^r form T.7y^r>r>o^ 

around the base tube 72. The edges of the sheet may be 
joined by any convenient method, such as a seam weld. 

It will be noted that the perforations 76 are 
substantially circular, and on expansion of the filter 
arrangement 70 to a larger diameter, with corresponding 
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diametric expansion of. the filter sheet 74, the 
perforations 76 assume the form of elongate slots 76a, as 
illustrated in Figure 6 of the drawings, of width w e less 
than .the diameter d Q the original perforations. 

The diametric expansion may be achieved by any 
convenient method, but preferably utilises an rotary 
expansion tool . 

The laser-cut perforations 76 have a keystone or 
trapezoidal section, which form is retained in the extended 
slots 76a, and the filter sheet 74 is arranged such that 
the narrower or smaller diameter end of the perforations is 
adjacent the outer face of the filter sheet. 

It has been found that the laser-perforated filter 
sheet 74 is sufficiently robust to obviate the requirement 
to provide a protective shroud around the exterior of the 
sheet 74, thus simplifying the manufacture of the 
expandable filter arrangement 70. 

Those of skill in the art will appreciate that the 
above-described embodiments are merely exemplary of the 
present invention, and that various modifications and 

improvements may be made thereto without departing from the 

< 

scope of the invention. For example, although the various 
filters and filter arrangements are described above with 
reference to downhole filtering applications, other 
embodiments may have utility in sub-sea or surface 
filtering applications. 
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CLAIMS 

1. A downhole filter comprising a tubular member having 
a wall defining at least one opening, at least a portion of 
the opening having an outer width less than an inner width . 

2. The filter of claim 1, wherein said outer width 
defines the minimum width of the opening. 

3. The filter of claim 1 or 2, wherein said portion of 
said opening defining said outer width is located on an 
outer circumference of the tubular member. 

4. The filter of claim 1, 2 or 3, wherein the opening has 
a keystone form. 

5. The filter of claim 1, 2, 3 or 4, wherein the opening 
is created by laser-cutting. 

6. The filter of claim 1 ,- 2 , 3 or 4 wherein the opening 
is created by abrasive water jet cutting. 

7. The filter of any of claims 1 to 6, wherein the 
opening, is in the form of a slot and extends longitudinally 
of the tubular member. 
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8. The filter of any of claims 1 to 6, wherein the 
opening is in the form of a slot and extends 
circumf erentially of the tubular member. 

9. The filter of any of claims 1 to 6, wherein the 
opening is in the form of a slot and extends helically of 
the tubular member. 

10. The filter of any of claims 1 to 6, wherein the. 
opening is in the form of a serpentine slot. 

11. The filter of any of the preceding claims, wherein the 
tubular member is diametrically expandable. 

12. The filter of claim 11, wherein the wall of the 
tubular member incorporates extendible portions. 

13. The filter of claim 11, wherein the wall of the 
tubular member has at least one substantially circular 
opening therein which opening is adapted to. assume a 
circumf e rent i ally —extending slot— form of smaller width than 
the original substantially circular opening, following 
diametric expansion of the tubular member. 



14. The filter of any of the preceding claims, wherein the 
wall of the tubular member defines a plurality of openings. 



18 

15. A wellbore filter comprising a tubular member having 
at least one opening therethrough, the opening having a 
serpentine configuration . 

16. A method of filtering wellbore fluids, the method 
comprising: 

placing a downhole filter within a wellbore, the 
downhole filter comprising a tubular member defining at 
least one opening, at least a portion of the opening having 
an outer width less than an inner width; and 

passing wellbore fluids into an interior passage of 
the tubular member through the opening. 

17. The method of claim 16, further comprising sizing the 
outer width of said opening to filter wellbore particulate 
matter of a predetermined diameter. 

18. A downhole filter arrangement comprising a tubular 
member having a wall defining at least one laser-cut 

r> -v* -F r> -y o i — 1 r> t> 

19. The filter arrangement of claim 18, wherein the 
tubular member is formed of metal. 



20. The filter arrangement of claim 18 or 19, wherein the 
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wall of the tubular member defines a plurality of laser-cut 
perforations . 



21. The filter arrangement of claim 18, 19 or 20, wherein 
the perforation is in the form of a slot of constant width 
along the length of the slot. 

22. The filter arrangement of claim 21, wherein the slot 
is of serpentine form. 

23. The filter arrangement of any of claims 18 to 22, 
wherein at least the outer edges of the perforation have 
been quenched. 

24. The filter arrangement of any of claims 18 to 23, 
wherein the perforation has an outer width less than an 
inner width. 

25. A method of creating a downhole filter arrangement 
comprising laser-cutting at least one perforation in a 
me tal filter memb e r 

26. The method of claim 25, wherein the laser energy is 
controlled to cut a perforation in the form of a slot of 
constant width along "the length of the slot. 
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27. The method of claim 25. or 26, comprising reducing the 
laser energy when the laser is stationary relative to the 
metal filter member. 

28. The method of claims 25, 26 or 27, comprising cutting 
a perforation of serpentine form. 

29. The method of any of claims 25 to 28, comprising 
quenching the metal of the filter member adjacent a cutting 
area . 

30. The method of claim 29, comprising quenching the metal 
adjacent the cutting area utilising a purging gas. 

31. The method of any of claims 25 to 30, wherein the 
perforation is cut to have an outer width less than an 
inner width. 

32. An expandable downhole filter arrangement comprising 
an expandable base tube and a deformable filter sheet 
mounted around the base tube, the filter sheet defining at 
least one laser-cut perforation. 

33. The filter arrangement of claim 32, where in the filter 
sheet is of metal. 
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34. The filter arrangement of claim 32 or 33, wherein the 
filter sheet defines a plurality of laser-cut perforations. 

35. The filter arrangement of claim 32, 33 or 34, wherein 
the perforation is adapted to deform on diametric expansion 
of the, filter sheet to assume the form of an elongate slot. 

36. The filter arrangement of any of claims 32 to 35, 
wherein the perforation is substantially circular. 

37. The filter arrangement of any of claims 32 to 36, 
wherein the perforation is adapted to deform to assume the 
form of an elongate slot of width less than the diameter of 
the original perforation on diametric expansion of the 
filter sheet . 

38. The filter arrangement of any of claims 32 to 37, 
wherein the perforations have a keystone section, and the 
filter sheet is arranged such that a smaller diameter end 
of the perforations is adjacent an outer face of the filter 

39. The filter arrangement of any of claims 32 to 38, 
wherein the base tube is slotted. 
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